Background. Little is known about the effect of diabetes mellitus on subsequent lower body disability in older Mexican Americans, one of the fastest growing ethnic groups in the United States. The aim of this study is to examine the relationship between diabetes mellitus and incident lower body disability over a 7-year follow-up period.
D
IABETES mellitus (DM) is one of the most prevalent and disabling chronic diseases in the United States (1) . In 2002, a total of 18.2 million people of all ages had DM (1) . DM has its greater effects on elderly persons, women, and certain racial and ethnic groups (2) . One in five adults aged 65 or older has DM (2) . On average, non-Hispanic blacks, Hispanic Americans, Native Americans, and Alaska Native adults are two to three times more likely to have DM compared to non-Hispanic whites (1) (2) (3) .
DM is a leading cause of disability among older adults and often results in many limitations in daily activities of life (4) . The risk of physical disability increases with age and can significantly impact the quality of life of older people (5, 6) . Older adults with disability are at higher risk of institutionalization and more likely to utilize health care (5) (6) (7) (8) (9) (10) .
The disabling effects of DM are multifactorial and include the high prevalence of complications such as stroke, heart attack, peripheral vascular disease, vision impairment, neuropathy, and depression (11) . Several cross-sectional studies of older adults with DM have examined the disablement process with its associated comorbidities (12) (13) (14) (15) and have found that diabetic persons had a greater prevalence of mobility disability and activities of daily living (ADL) disability. Few longitudinal studies (16) (17) (18) (19) (20) have examined the effect of DM on incident functional disability. These studies have found DM to be associated with an increased incidence of functional disability. For instance, Gregg and colleagues (18) assessed incident functional disability in older non-Hispanic women with DM and showed that risk of disability was related to increasing age, cardiovascular heart disease, severe visual impairment, and depressive symptomatology. Similarly, Rodríguez-Saldaña and colleagues (19) and Wu and colleagues (20) have found an increased risk of disability in ADL and instrumental ADL among older Mexicans and older Mexican Americans with DM.
In earlier studies from the Hispanic Established Populations for Epidemiologic Studies of the Elderly (H-EPESE) survey, we demonstrated that DM was associated with a high prevalence of disability (21) (22) (23) . Little is known about the effect of DM on subsequent subjective and objective measures of disability in older Mexican Americans, one of the fastest growing ethnic groups in the United States. Therefore, we used data from the H-EPESE study to examine the relationship between DM and the incidence of lower body disability over a 7-year follow-up period among older Mexican Americans.
METHODS

Sample
Data used were from the H-EPESE, a longitudinal study of Mexican Americans aged 65 and older, residing in Texas, New Mexico, Colorado, Arizona, and California. The sample and its characteristics have been described elsewhere (24) . The present study uses baseline data (1993) (1994) and data obtained at 2-, 5-, and 7-year follow-up assessment (2000) (2001) . The sample consisted of 1835 participants who reported no limitation in ADL (walking across a small room, bathing, transferring from a bed to a chair, and using the toilet) and reported the ability to climb stairs and walk a half mile without help.
Measures
Diabetes mellitus.-We assessed DM by asking if participants had ever been told by a doctor that they had DM. Respondents who reported a DM diagnosis were asked about disease duration and treatment received (categorized as: none, oral hypoglycemic, insulin, or oral hypoglycemicinsulin combination). Respondents were asked if they had problems with their kidneys, eyes, or circulation or if they have any amputations due to DM. Sum scores for DM complications ranged from 0 to 4.
Measures of lower body disability.-Measures of lower body disability included:
Self-reported limitation in four ADLs (i.e., walking across a small room, bathing, transferring from a bed to a chair, and using the toilet) (25) . Respondents were asked if they could do the activities without help, needed help, or were unable to do the activities. Lower body ADL limitation was dichotomized as: no help needed/needing help with or unable to perform one or more ADLs. Self-reported limitation in two mobility tasks (climbing stairs or walking a half mile). Respondents were asked if they need help or do not need help to perform the activities. Mobility limitation was dichotomized as no help needed/needing help with or unable to perform one or both activities (26) . Performance-based measure of mobility. This measure was assessed with an 8-foot walk timed twice (to the nearest second), using the faster of the two walks for scoring. Walking limitation was defined as being unable to walk or walking the 8-foot walk at a speed of 9.0 seconds. Scores were divided into approximate quartiles. A time of 9.0 seconds received a score of 1; 6.0-8.0 seconds a score of 2; 4.0-5.0 seconds a score of 3; and 3.0 seconds a score of 4; higher scores indicate faster walking speed (27) (28) .
Covariates.-Baseline sociodemographic variables included age and sex. We assessed the presence of other medical conditions by asking if respondents had ever been told by a doctor that they had hypertension, heart attack, stroke, arthritis, cancer, or hip fracture. Depressive symptomatology was measured with the Center for Epidemiologic Studies Depression Scale (CES-D) (29) . We consider persons scoring 16 to experience high depressive symptomatology (30) .
Cognitive function was assessed with the Mini-Mental State Examination (MMSE) instrument (31, 32) . Scores range from 0 to 30, with lower scores indicating poorer cognitive ability. Body mass index was computed as weight in kilograms divided by height in meters squared. Participants with a body mass index of 30 were considered obese (33) .
Near vision was measured using cards, each with sevendigit numbers of three different type sizes: 7-, 10-, and 23-point. Participants held these cards at least 7 inches from their eyes and then were asked to read the numbers. Participants who could only read the 23-point were considered to have near vision impairment. Functional distance vision was measured using a modified Snellen test using directional Es at 4 meters to assess acuity from 20/60 to 20/200. Those participants with vision worse than 20/60 were considered to be impaired (34) .
Outcome
Incidence of lower body disability was defined using three outcomes: a) new onset of any ADL lower body limitation (needing help with or unable to perform one or more of the four ADLs) at either 2-, 5-, or 7-year follow-up interview; b) new onset of any mobility limitation (unable to or needing help to walk up and down stairs or to walk a half mile) at either 2-, 5-, or 7-year follow-up interview; and c) walking limitation (unable to perform the walking test or performing it with a walking time of 9.0 seconds) at either, 2-, 5-, or 7-year follow-up interview.
Analysis
To compare baseline characteristics by DM status, chisquare statistic and t test were used. Cox proportional hazard regressions were used to estimate the hazard ratio of incidence of lower body disability at 2-, 5-, or 7-year follow-up as a function of a DM diagnosis among the 1835 participants reporting no limitation in ADLs and capable of climbing stairs and walking a half mile without help at baseline. Those participants who died and those who were lost to follow-up were censored at the date of the last followup. All analyses were controlled for age, sex, selected medical conditions, vision function, MMSE score, and obesity at baseline. Interaction effects were performed between DM and age, sex, medical conditions, high depressive symptoms, MMSE score, and obesity.
In the subgroup analysis, only nondisabled diabetic subjects (N ¼ 347) were included, and measurements at 2-, 5-, or 7-year time points were analyzed to examine the association of diabetic complications and disease duration with lower body disability. The analyses were controlled for the above covariates and treatment received at baseline. All analyses were performed using the SAS System for Windows (version 8; SAS Institute, Cary, NC).
RESULTS
The overall prevalence of self-reported DM among nondisabled participants in this sample was 18.9%. Diabetic participants were significantly more likely to report heart attack, hypertension, arthritis, and obesity compared with their nondiabetic counterparts ( Table 1) . Mean duration of the disease was 11.7 years with a standard deviation (SD) of 9.0 years; 86.5% of diabetic participants were under treatment (59.4% with oral hypoglycemic; 23.1% with insulin, and 4.0% with combined treatment). A significant number reported serious complications: 30.0% reported circulation problems; 32.0% reported eye problems, 8.4% reported kidney problems; and 5.2% reported an amputation (Table 2) . Figure 1 presents the status of the sample at 7-year followup among nondisabled participants at baseline. Of the 1488 nondiabetic participants, 391 (26.3%) remained nondisabled and 593 (39.8%) became disabled in one or more lower body disability measures. Of the 347 diabetic participants, 53 (15.3%) remained nondisabled and 169 (48.7%) became disabled in one or more lower body disability measures. Table 3 presents the results of a multivariable analysis predicting the hazard of any lower body disability during 7 years of follow-up among nondisabled participants at baseline, as a function of DM, controlling for all covariates. Diabetic participants had a higher risk of developing lower body disability over time compared with nondiabetic participants. The hazard ratio (HR) for reporting any lower body ADL limitation was 2.05 (95% confidence interval [CI], 1.58-2.67), for limitation in mobility was 1.69 (95% CI, 1.39-2.04), and for walking limitation was 1.46 (95% CI, 1.15-1.85). Table 4 presents the results of a multivariable analysis predicting the hazard of any lower body disability during 7-year follow-up among nondisabled diabetic participants at baseline. Older age and having an amputation were factors associated with an increased risk over time of reporting any lower body ADL limitation and walking limitation. Kidney complication was associated with an increased risk of walking limitation. No interaction effects were found between DM and covariates for lower body disability.
DISCUSSION
This prospective cohort study demonstrates that older Mexican Americans with self-reported DM are at higher risk for decline in lower body function over a 7-year follow-up period. Diabetic participants were twice as likely to report any lower body ADL limitation over time compared with those participants without DM. Also, they were significantly more likely to report any limitations in mobility and walking limitation over time compared with their nondiabetic counterparts. Despite adjustments for prevalent chronic conditions and impairments, the association between DM and incidence of lower body disability remained statistically significant.
Previous research has suggested that the association of DM and the disablement process is multifactorial (14, 15) . Several mechanisms may explain our findings. First, diabetic participants were significantly more likely to report heart attack, hypertension, and arthritis than were their counterparts. All these factors are well known risk factors for disability in this population (35) . Second, microvascular (retinopathy, neuropathy, nephropathy) and macrovascular (coronary artery disease, peripheral vascular disease, cerebrovascular disease) complications may play an important role in the disablement process. We found that diabetic participants with eye or kidney complications had an increased risk over time of reporting lower body disability. Third, the high incidence of nontraumatic lower extremity amputation in this population (36) may also contribute to disablement process in diabetic participants. We found that those diabetic participants with an amputation had an increased risk of reporting lower body disability over time compared with diabetic participants without an amputation.
This study has some limitations. First, the assessment of DM and its complications was by self-report. Clinical observation may provide a different and more precise diagnosis. However, the self-report approach has been documented to provide reliable information and a good agreement between self-reported DM and DM diagnosed by blood tests (37, 38) . Second, the assessment of ADL lower body and mobility was also by self-report. Nevertheless, several studies have demonstrated a high concordance between self-reported data and direct observations of ADL performance (39) . Assuming that the incidence of lower body disability in participants with undiagnosed DM is higher than that in nondiabetic participants, the bias related to undiagnosed DM would lead to an underestimation of the association between DM and lower body disability. However, we use both a subjective (self-reported ADLs and mobility) and an objective measure (observed 8-foot walk) of walking to assess lower body function.
Conclusion
This study found that older Mexican Americans with DM are at higher risk for development of lower body disability over time than are nondiabetic persons. Attenuation of diabetic chronic complications and those modifiable factors (obesity and depressive symptoms) associated with lower body disability could reduce the impact of the disease at both the individual and societal levels. Additionally, lower body disability should be considered a long-term outcome of DM. Awareness of disability as a potentially modifiable complication and use of culturally appropriate interventions to prevent disability and diabetic complications should become health priorities for older Mexican Americans. Notes: The above analyses were controlled for heart attack, hypertension, stroke, visual impairment, arthritis, obesity, hip fracture, cancer, Mini-Mental State Examination, high depressive symptoms, and treatment.
Reference categories are given in parentheses. ADL ¼ Activities of Daily Living; HR ¼ hazard ratio; CI ¼ confidence interval.
